The relationships between perifoveal measures of achromatic-, L-and M-cone acuity and retinal structure were investigated in healthy young males. Thirty-two males, aged 20-39 years, with normal foveal logMAR letter acuity and no observed ocular abnormalities participated in the study. Achromatic and isolated L-and M-cone spatial acuity was measured in the dominant eye with a Sloan E letter of 90% achromatic decrement contrast or 23% increment cone contrast, respectively. Separately, the central part of the same eye was imaged with high-resolution spectral-domain optical coherence tomography (SD-OCT) and adaptive optics ophthalmoscopy (AOO). Thickness measures and cone density in the fovea and parafoveal region were not correlated with perifoveal structural measures. A significant correlation was observed between thicker retinal pigment epithelium (RPE) complex, higher cone density and better L-cone logMAR at 5 deg eccentricity, but not for achromatic or M-cone logMAR. The results imply that single letter perifoveal L-cone acuity, rather than achromatic acuity, may provide a useful measure for assessing the structure-function relationship and detecting early changes in the perifoveal cone mosaic.
Introduction
The cone photoreceptors in the central retina are essential for normal visual function such as spatial and color vision. The standard clinical measures for optimizing correction of refractive errors as well as detection of central retinal changes is measurement of foveal high-contrast achromatic letter acuity, usually referred to as visual acuity. Visual acuity is typically measured using rows of equally spaced black letters on a white background (decrement contrast), where the smallest resolvable letter represents the individual's visual acuity. But, foveal visual acuity is not a reliable measure in terms of detecting mild to moderate structural changes in the central retina (Klein, Wang, Klein, Moss, & Meuer, 1995; Neelam, Nolan, Chakravarthy, & Beatty, 2009) In some normal healthy individuals, it has been shown that, when bypassing or compensating for refractive errors and optical aberrations, foveal spatial acuity can be predicted by the cone density, whereas parafoveal spatial acuity can be predicted by the midget ganglion cell density (Enoch & Hope, 1973; Rossi & Roorda, 2010; Thibos, Cheney, & Walsh, 1987; Williams & Coletta, 1987) . Clinically measured foveal or near-foveal visual acuity, however, remains within normal limits even in observers with degenerative retinal conditions who have less than half the normal cone density (Carroll et al., 2009; Michaelides et al., 2011; Ratnam, Carroll, Porco, Duncan, & Roorda, 2013) . Spatial resolution in the fovea also depends on neural contrast sensitivity and spatial resolution improves with increasing contrast within the central 5 deg (Green, 1970) . Uncompensated aberrations will not only cause blur, but also reduce contrast. It is therefore likely that individuals with relatively high foveal cone density may oversample a spatial acuity task, if refractive errors and/or higher-order aberrations are not compensated for in full, due to a redundancy of cones. Thus, a large fraction of cones may need to be lost before it can be measured functionally (Choi et al., 2006 , Ratnam et al., 2013 . In addition, it appears as if foveal cones somehow are protected to a larger degree than para-and peri-foveal cones, both with regards to ageing (Curcio, 2001; Song, Chui, Zhong, Elsner, & Burns, 2011) and disease (Sandberg & Berson, 1983) . The question is: will changes in visual acuity beyond the fovea be more telling of early structural changes?
Until now, there have been no studies on the relationship between retinal structure and spatial acuity in the perifovea. The hypothesis is that there is less redundancy of cones in the perifovea and less oversampling, even if refractive errors and/or higher-order aberrations are not compensated for in full. A correlation may therefore exist between a psychophysical measure of single letter acuity and retinal structure at this location, even in normal healthy individuals. Another attractive feature about measuring in the perifovea and particularly around 5 deg of eccentricity, is the assumed 1:1 relationship between cones and midget ganglion cells (Dacey, 1993) . In this study, the relationship between achromatic and cone-type isolating measures of single letter acuity and the characteristics of retinal layers and cone mosaic in the temporal perifovea were examined in normal healthy individuals. Single letter achromatic and cone isolated acuity were measured with a Sloan E at 5 deg eccentricity. Multimodal high-resolution imaging was employed to examine the outer retina in healthy males with normal or defective color vision.
Participants and methods
The study was designed as an observational study, and men aged 18-40 years who were available for participation at the University College in Kongsberg between January 2014 and January 2015 were invited to participate. To identify suitable participants, an initial assessment included history and symptoms, habitual visual acuity measured with a digital high-contrast log-MAR chart at 2.3 m (TestChart 2000, Thomson Software Solutions, London, UK), stereoacuity measured at 40 cm with the TNO test for stereoscopic vision (16th edition: Lameris Ootech B.V., Nieuwegein, Netherlands), objective monocular refraction measured with the Nidek AR-1000 autorefractor (Nidek Co., Ltd., Aichi, Japan), axial length, corneal curvature and anterior chamber depth measured with the IOLMaster (Carl Zeiss Meditec AG, Jena, Germany). Each observer's color vision was examined with the Ishihara (24 pl. ed., Kanehara Trading INC, Tokyo, Japan, printed 2005) and the Hardy-Rand-Rittler 4th edition (HRR: Richmond Products, Albuquerque, NM) pseudoisochromatic plates under controlled illumination in a dark room with the lamp ''True Daylight Illuminator with Easel" (correlated color temperature 6200 K, model number 1339R, Richmond Products, Albuquerque, NM). The level of illumination was measured at the surface of the test plates with a digital lux meter (Hagner Model EC1, Hagner AB, Solna, Sweden), and averaged about 800 lx. The initial assessment took about 20 min for each participant. Men with corrected-to-normal visual acuity (60.1 logMAR), normal stereo acuity (6120 arc seconds), without any known ocular pathology, former intraocular or refractive surgery and/or systemic diseases were invited to participate in the rest of the study. Fifty-six of 71 men who participated in the initial assessment met the inclusion criteria; 32 volunteered to participate in the main study. The L and M pigment genes are located on the X chromosome. Only men, who have a single X chromosome, were included in this study to avoid the confounding effects of polymorphisms commonly found in females (Dees, Gilson, Neitz, & Baraas, 2015) .
The main study consisted of four sets of approximately 1-h examinations carried out on separate days in random order: color vision testing, perifoveal measures of visual acuity, fundus photography, spectral-domain optical coherence tomography (SD-OCT) and adaptive optics ophthalmoscopy (AOO) retinal imaging. Smith & Pokorny (1975) cone fundamentals based on transformations from Cole and Hine (1992) and Judd (1951) color matching functions. Relative (Weber) cone contrasts between the Sloan E and the background were calculated for each cone type (Cole & Hine, 1992 (Weymouth, 1958) . The smallest stimulus possible was MAR = 1.2 (just slightly larger than the minimum resolvable Sloan E size of 5 pixels) and the largest was about MAR = 80 (limited by the height of the monitor). The experiment was carried out in an otherwise darkened room. Prior to each experiment, the participants were dark adapted for three minutes, then light adapted for one minute by viewing a neutral grey screen with the same color and luminance as the background of the stimuli. The Sloan E was presented at 5 deg temporal eccentricity. Correct fixation was verified with an eye tracker, which monitored direction of gaze 120 times per second (ASL Eye Tracking System Model 5000, Applied Science Laboratories, Bedford, MA, USA). A trial was repeated (with a different orientation of the Sloan E) if the participant's gaze deviated more than 1.5 deg from the fixation point for more than 80 ms. A fouralternative forced-choice procedure was implemented, and the size of the Sloan E was altered using a double staircase employing a two-down/two-up and three-down/one-up rule (Wetherill & Levitt, 1965) . The staircase step size was N/24, where N was the range of initial testing contrasts, except the first 5 reversals which used step sizes of 6N/24, 3N/24, 2N/24, 1.5N/24 and 1.2N/24 respectively. This strategy quickly localized the participant's threshold and still retained a sufficiently small step size for accurate testing around that threshold. The participant's task was to maintain fixation on a black cross that appeared at the side of the display and to indicate whether the direction of the Sloan E was up, down, right or left. The stimulus presentation time was 250 ms with an inter-trial interval of at least 500 ms (the exact time depending on how fast the participant responded after viewing the stimuli). During the inter-trial interval, the display showed a uniform field, using the same neutral grey as the background, to avoid pattern adaptation. Raw data were collected from 240 trials per contrast condition. The thresholds were estimated with a bootstrap procedure from the 62.5 percent correct point of the psychometric function and 95 percent confidence intervals on this point (Foster & Bischof, 1997) .
Color vision testing

Fundus photography and OCT imaging
Fovea-centered digital 45-deg color fundus photographs (Topcon TRC-NW6S non-mydriatic fundus camera, Topcon Corp., Tokyo, Japan) were obtained as well as volumetric and radial high-resolution OCT images (1536 A-and B-scans: Heidelberg Spectralis OCT, Heidelberg Engineering GmbH, Heidelberg, Germany). The OCT imaging protocol included two volumetric scans centered over the fovea [30 Â 5 deg (49 sections) and 20 Â 20 deg (97 sections)]. The 30 Â 5 deg was used for analyses and twenty image frames were aligned and averaged during acquisition of each B-scan (TruTrack TM , Heidelberg Engineering). B-scans transecting locations were exported to ImageJ (ImageJ 1.48v. http://imagejnih.gov/ij) to assess longitudinal reflectivity profiles (LRP) and lateral scale of the OCT images was corrected for each individual's axial length. All thickness measures were obtained semi-automatically using custom software that allowed a trained user to identify and mark hyper-reflective bands in the OCT image with initial seed positions from which the software incrementally tracked the bands toward the edges of the region-of-interest, yielding contours of the retinal layers of interest. Fig. 1 shows an OCT B-scan illustrating the segmented retinal layers at 5-deg temporal eccentricity and the associated averaged LRP used for further analyses. The following features were identified: hyper-reflective bands putatively representing the internal limiting membrane (ILM); the external limiting membrane (ELM); the inner segment ellipsoid zone (EZ) (Spaide & Curcio, 2011 , Staurenghi, Sadda, Chakravarthy, Spaide, & International Nomenclature for Optical Coherence Tomography, 2014 termed inner/outer segment junction in some reports (Jonnal et al., 2014) ; the interdigitation zone (IZ) or cone outer segment tips and the retinal pigment epithelium/Bruch's membrane (RPE-BrM) (Staurenghi et al., 2014) . The area between the IZ and the RPE-BrM was defined as the RPE complex. The ILM to ELM, outer nuclear layer (ONL) and RPE complex thickness were assessed. The foveal center was defined as the section with the minimal foveal thickness, within the area of the thickest RPE complex. The foveal rim was defined as where the retinal thickness levelled out (specifically, not increasing more than a maximum of 2 pixels). Foveal diameter was defined as the lateral distance between the nasal and temporal foveal rim.
Adaptive optics ophthalmoscopy imaging
High-resolution images of the cone mosaic were obtained with the Kongsberg Adaptive Optics Ophthalmoscope II (KAOO II), an upgraded version of a previous instrument (Dees, Dubra, & Baraas, 2011) . The KAOO II is a custom-built, flood-illuminated fundus adaptive optics (AO) camera with 780 nm and 840 nm superluminescent diodes (SLD; Superlum Diodes Ltd., Cork, Ireland) as light sources for the wavefront sensor and the imaging channel, respectively. AO correction was made across a 6.8 mm pupil with a Shack-Hartmann wavefront sensor (SHWS; Lenslet array 0203-7.8-S, Adaptive Optics Associates, Inc., MA, USA; ROL-XR-F-M-12 Rolera-XR FAST 1394 digital camera, QImaging, Surrey, BC, Canada) and a deformable mirror with 97 electromagnetic actuators (ALPAO Hi-Speed DM97-15, ALPAO S.A.S., Montbonnot, France) to compensate for aberrations. The AO system is a closed loop device, continuously measuring and correcting monochromatic aberrations within the available degrees of freedom of the SHWS. Once the root-mean-square wavefront error was below 0.4 pixels, a retinal image was acquired by illuminating the retina with a beacon of light, 2.0 deg in diameter, controlled by a mechanical shutter. A 14-bit high-sensitivity CCD-camera (Exi-Aqua Fast 1394b, QImaging, Surrey, BC, Canada) acquired thirty 4 ms exposure images over a period of less than 3 s. Each image was 696 Â 520 pixels in size and pixel spacing in the resulting images was 0.505 lm/pixel in a standard eye with axial length 24.0 mm (Bennett, Rudnicka, & Edgar, 1994) . The participant's pupil was dilated and accommodation suspended by instillation of cyclopentolate 1% eye drops prior to imaging. (Objective monocular refraction was repeated 15-20 min after instillation of the drops.) A dental impression on a bite bar stabilized the head and provided stable pupil positioning. The fixation target was a red spot placed on selected intersections of a black grid on a white background. Images were obtained every degree (deg) from the fovea to 6 deg temporal.
For each imaged retinal location, 2-12 images with clear retinal structure were aligned (to compensate for small eye movements during the image capture phase) and subsequently averaged to enhance signal-to-noise ratio using custom software. The averaged images were scaled for individual retinal magnification ratio based on the Liou and Brennan eye model (Liou & Brennan, 1997) infrared image acquired by the Spectralis instrument using selected blood vessel landmarks (Fig. 2) . These steps ensured that the AOO images were correctly scaled and positioned irrespective of the individual participant's fixation skill and uncontrolled eye movements. Individual cones were identified via a custom, semi-automatic method, which blurred each AOO image using a Gaussian filter. The remaining bright elements, which were considered to be cones, were highlighted via thresholding and morphological dilation. The user was trained to adjust the width of the blur with the aim of suppressing image noise as much as possible while retaining cone features.
Retinal cone density (cones/mm 2 ) and mosaic regularity were estimated over four 0.16 Â 0.1 deg windows at 1, 2, 3 and 5 deg eccentricity where a contiguous cone mosaic was clearly visible. Mosaic regularity was assessed by measuring each cone's distance to its nearest neighbor (nearest-neighbor distance) and by determining the percentage of cones with 5-7 neighbors. This is a common metric used as an indicator of mosaic regularity (Baraas et al., 2007; Curcio & Sloan, 1992) . The study was approved by the Regional Committee for Medical Research Ethics for the Southern Norway Regional Health Authority and was carried out in accordance with the principles in the Declaration of Helsinki. Informed consent was obtained from all the participants included in the study after full explanation of the study procedures.
Statistical analysis
Statistical analysis was performed with R v. 3.1.3 [packages Hmisc (Harrell et al., 2015) and psychometric (Fletcher, 2010) ], R Foundation for Statistical Computing, Vienna, Austria (R Core Team, 2015) . Normality was assessed using q-q plots. Correlations were assessed using Pearson correlation coefficients (r). Ordinary linear regression was used to model cone density or RPE complex thickness and perifoveal logMAR acuity. One-way ANOVA with post hoc tests were performed to test between-group differences. Differences were considered significant when p 6 0.05. Bonferroni adjustments were made to compensate for multiple comparisons where necessary. Table 1 show the participants' habitual visual acuity, cycloplegic refractive errors and axial lengths. Ten (31.3%) were myopic (SER 6 À0.5 D), five of these (15.6%) had SER <À3.00 D, sixteen (50.0%) were emmetropic, and six (18.8%) were hyperopic (SER P 1.0 D). Four of the participants were classified to be redgreen color deficient; one protanope and three deuteranomalous. Table 2 show the results from perifoveal measures of achromatic (MAR A) and isolated L-and M-cone spatial acuity (MAR L and MAR M) at 5 deg temporal eccentricity, Rayleigh anomaloscopy and the CCT trivector scores for the participants with normal (mean results) and defective red-green color vision (individual results). logMAR A, logMAR L and logMAR M values were in the range 0.28-0.54, 0.46-0.80 and 0.54-1.26 respectively. This range is equivalent to 14, 17 and 36 letters when one letter has a value of 0.02 logMAR [ignoring the fact that this calculation is based on five letters on each row (Bailey & Lovie-Kitchin, 2013) ]. One of the deuteranomalous observers had logMAR M values within the normal range and two had logMAR M values that was more than 1 SD poorer than those with normal color vision. The protanope could not perceive the L-cone stimulus even at its largest size; confirming that the stimulus was L-cone isolating. There was a significant positive correlation between logMAR L and logMAR A (r = 0.63, 95% CI 0.35-0.80, p < 0.001) and between logMAR M and logMAR A (r = 0.47, 95% CI 0.15-0.70, p < 0.01), but not between logMAR L and logMAR M. There was no difference in any of the perifoveal spatial acuity measures if participants were grouped according to SER (myopic, emmetropic and hyperopic). 
Results
Refractive errors, visual acuity and color vision
Perifoveal measures of single letter visual acuity
Fundus photography and SD-OCT imaging
There was no observable ocular pathology in the fundus photos of any of the participants. Table 3 shows thickness and structure measures of the fovea and at 5 deg eccentricity (perifovea). Mean foveal and perifoveal thickness was 213.6 (95% CI 207.4-219.7) and 321.6 (95% CI 316.0-327.1) lm, respectively, whereas mean foveal and perifoveal RPE complex thickness was 98.5 (95% CI 96.2-100.8) and 73.0 (95% CI 71.3-74.7) lm, respectively. Fig. 3a show a significant moderate positive correlation between axial length and foveal thickness (r = 0.64, 95% CI 0.37-0.81, p < 0.01). Foveal diameter varied greatly between participants, from 1400 to 2300 lm and there was a significant correlation between foveal diameter and thickness (Fig. 3b : r = À0.39, 95% CI (À0.65)-(À0.05), p < 0.05). Foveal diameter did not correlate with axial length or any of the perifoveal thickness measures. There was no difference in any of the structural measures if participants were grouped according to SER, nor if grouped according to color vision status (normal versus defective red-green color vision).
AOO imaging
AOO images at 5 deg temporal eccentricity, of sufficient quality for analysis, were obtained for 24 participants (13 emmetropes, four hyperopic and seven myopes). Eighteen of these (eight emmetropes, six hyperopes and four myopes) had images of sufficient quality at locations 1, 2, 3 and 5 deg temporal eccentricity. The largest between-individual variation in decline was between 1 and 2 deg eccentricity, and cone density at 1 deg eccentricity did not correlate with density at any other eccentricity. There was a positive correlation between cone density at 2 and 5 deg (r = 0.65, 95% CI 0.26-0.86, p < 0.05) as well as at 3 and 5 deg eccentricity (r = 0.69, 95% CI 0.33-0.87, p = 0.001). Fig. 4 show the betweenindividual variation in cone density decline with increasing eccentricity from 1 to 5 deg eccentricity for 18 individual observers. It is evident that cone density could not be characterized by a scalar factor that was consistent across eccentricity.
Relationship between retinal structures imaged with SD-OCT and AOO
A near significant negative correlation was observed between larger foveal diameter and lower cone density at 1 deg eccentricity (r = À0.46, 95% CI (À0.76)-0.01, p = 0.055). The width of the fovea, however, did not correlate with cone density at other eccentricities. At 5 deg eccentricity there was a significant positive correlation between cone density and retinal thickness (r = 0.45, 95% CI 0.06-0.72, p < 0.05). The correlation between cone density and RPE complex thickness was not significant (r = 0.38, 95% CI (À0.03)-0.68, p = 0.07) and there was no correlation between cone density and ONL thickness.
3.6. Relationship between retinal structures and perifoveal measures of single letter visual acuity Modeling the relationship between cone density or RPE complex and logMAR L at 5 deg eccentricity revealed an R 2 = 0.20 (p < 0.5) and 0.22 (p < 0.5), respectively. Thus, about 20% of the variance in L-cone spatial acuity is explained by either cone density or the thickness of the RPE complex. Participant 2516 may appear to be an outlier, but there is nothing out of the ordinary with regards to his foveal morphology. Besides having poor perifoveal logMAR L this young male (aged 23) had the thinnest RPE complex and the lowest cone density at 5 deg eccentricity of all participants. His Cook's distance for the regressions models between cone density or RPE complex and logMAR L was 0.49 and 0.75, respectively. The average minimum number of cones covered by the Sloan E at threshold as calculated for each participant based on the Liou and Brennan eye model (Liou & Brennan, 1997 ) was 14 by 14 cones, ranging from 11 to 22 cones, with the number of cones covered by the gap between two of the bars of the Sloan E ranging from 2 to 4 cones.
Cone density, logMAR L and M-the L:M ratio
The significance of the relationship between logMAR L and cone density was explored further. Fig. 6 show perifoveal L-cone acuity as a function of two different estimates of L cone density. It was assumed that 5% of the cones are S-cones (Hofer, Carroll, Neitz, Neitz, & Williams, 2005) and that the remainder are L and M cones. First, L-cone density was calculated for each participant by multiplying their cone density by the %L calculated from their logMAR L and logMAR M thresholds. The range of L:M ratios was 1.45-2.25 with an average of 1.75. Fig. 6a show that there is a significant correlation between perifoveal logMAR L and the psychophysical adjusted L-cone density (r = À0.53, 95% CI (À0.77)-(À0.16), p = 0.01). Second, it was hypothesized that participants with good, median and poor logMAR L would have L:M ratios 3:1, 2:1 and 1:1, respectively. The participants were grouped according to whether logMAR L values were in the median or the 1st or 3rd quartiles and each participant's cone density (S-cones subtracted) was multiplied by the appropriate %L (0.75, 0.67 or 0.5, respectively). Fig. 6b show that the correlation between perifoveal logMAR L and this estimate of L-cone density is higher than that in Figs. 5a and 6a, and highly significant (r = À0.86, 95% CI (À0.94-(À0.70), p < 0.01).
Discussion
The results presented here reveal, for the first time, in normal healthy males, a significant structure-function relationship in the perifovea between psychophysically measured L-cone isolated single letter acuity and structural measures obtained with multimodal imaging. Both the thickness of the RPE complex and cone density correlated significantly with logMAR L (Fig. 5) . The observed correlation was weak to moderate, implying that there were other factors affecting an individual's performance when measuring perifoveal single letter acuity.
First, although participants are optically corrected to normal visual acuity, the optics are imperfect and there will be eye movements. This will degrade the image, both in terms of blur and reduction of image contrast (Deeley, Drasdo, & Charman, 1991) , increasing the area that is stimulated on the retina. This undoubtedly has some effect, but should be the same for all three conditions (achromatic, L-and M-cone isolating). The achromatic version of the Sloan E has been shown to be sampling limited (Anderson & Thibos, 1999) and observed logMAR values are within what might be expected for this part of the retina (e.g. Drasdo, Millican, Katholi, & Curcio, 2007) . It is possible, however, that participants in the age range included here actually exerts some more accommodation when viewing the L-cone (reddish) as compared with the M-cone (greenish) isolating stimulus due to chromatic aberration (Legras, Chateau, & Charman, 2004) . It is unlikely, however, as control experiments on a few observers with decrement, rather than increment cone contrast (which will invert the perceived color of the stimuli, that is L-cone decrement will be greenish and M-cone decrement will be reddish), show no measurable difference in thresholds. This is the same as has been reported elsewhere (Danilova, Chan, & Mollon, 2013) .
Second, although there is a significant correlation between resolution and cone density, the stimulus used proved to be L-cone isolating, and it is reasonable to assume that it is the L-cone density that is of importance. It is therefore necessary to try to understand the correlation with overall cone density in relation to the fact that there is large between-individual variation in the number of L-versus M-cones. L:M cone ratios have been shown to vary between 1.1:1 and 16.5:1 (e.g. Carroll, Neitz, & Neitz, 2002; Hofer et al., 2005) . Both overall cone density and the L:M cone ratio are likely to play a role when we measure resolution for an L-cone isolating stimulus. It has been argued that measurements of perifoveal spatial resolution can reveal individual differences in the L:M cone ratio (Danilova et al., 2013) . Here, both L-and M-cone isolating stimuli were used and this psychophysically derived L:M ratio can be used to estimate the L-cone density. The correlation improves from r = À0.45 for the overall cone density to r = À0.53 for this estimate of L-cone density (compare Fig. 5b with Fig. 6a ), but the range of L:M ratios is much smaller than that reported elsewhere (e.g. Carroll et al., 2002; Hofer et al., 2005) . It is possible that the input strength to midget cells might be modified resulting in a lower MAR derived L:M ratio than the actual L:M ratio of the cone mosaic. Indeed, by re-classifying participants into broader L:M cone ratio groups (Fig. 6b) increases the correlation. The measures of L and M cone isolating MAR may also depend on the organization of the L and M cone sub-mosaic at the measured retinal location, as this is reported not to be regular, but random with a tendency of cones of like type to clump (Hofer et al., 2005) . This, together with a possible increase in L:M cone ratio with increasing eccentricity (e.g. Kuchenbecker, Sahay, Tait, Neitz, & Neitz, 2008) , may explain why the correlation between logMAR M and cone density is weaker as well. The results suggest that the association between psychophysically derived L:M ratio and the actual L:M cone ratio must be of a non-linear nature.
Each participant's decline in cone density with eccentricity follows different trajectories (Fig. 4) . Similar results can be seen in other data sets (Chui, Song, & Burns, 2008; Dees et al., 2011; Song et al., 2011) . Those with a low cone density at 1 deg eccentricity do have a wider fovea, but a wider fovea is not associated with any structural variation or cone density at 5 deg eccentricity. 2516 actually has the widest fovea and the thinnest retina. While he has the poorest cone density at 5 deg eccentricity, he has average cone density at 1 deg eccentricity. He is only slightly myopic (SER À0.50) and has an axial length of 23.5 mm. He may be an outlier, but there is nothing that indicates that he is not normal. Rather, the observed individual differences indicate that more normative data for para-and perifoveal regions are needed to understand the fine differences in early stages of disease as compared with normal ageing. The fact that there is no common betweenindividual trajectory in decrease of cones with eccentricity implies that one cannot make assumptions about perifoveal function based on foveal measures. This suggests that measures of L-cone isolated single letter acuity may give an indication of structural integrity at 5 deg eccentricity, even in normal healthy individuals.
There are several reports of correlations between foveal achromatic visual acuity and structural measures from high-resolution multimodal imaging for different diseases or in highly myopic eyes (e.g. Ergun A common finding is that a relatively large loss must have taken place before it can be measured functionally (Choi et al., 2006) . Although there is no doubt that structural measures of the level of single cells is of great importance to understand the differences in early stages of disease as compared with normal ageing, it is also of interest to see if simple visual functional measures may correlate with structural changes. The even larger variation in morphology and redundancy in cones and ganglion cells in the fovea or near the fovea may make it difficult to detect minor deviations from normal. In contrast to foveal cone measures and achromatic acuity, a significant relationship is revealed between perifoveal cone measures and single letter L-cone isolating acuity in healthy young males. This offers promise; it may be a method for detecting gradual changes in normal to abnormal retinal structural and functional integrity.
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